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Medicine has, no doubt, always had its icons, symbols we all use and recognize as
emblematic ofwhat we do and what we think ofourprofession. The stethoscope-as-neck-
lace seems to be currently popular, perhaps as a badge ofauthority to be worn in the med-
ical center parking lot, the local shopping mall, as well as on ward rounds. For an earlier
generation, it was certainly the microscope that identified the young physician or medical
student with scientific aspirations. On the first day of medical school one acquired an
instrument to be lugged around in a wooden box, sometimes ofbeautiful polished wood,
more often ofrather rough-hewn appearance. It symbolized the start ofa professional life
in medicine, first in the study of histology, pathology and microbiology, and later as an
essential office tool in medical practice. The microscope was a carefully considered pur-
chase. It was expensive and a life-long investment, the first step in equipping one's future
office. As with most icons, this image has become dated: few present-day physicians have
need to look through a microscope in their everyday practice. This transient use of the
microscope at the beginning of medical education has relegated the microscope to just
another bit offurniture to be left behind with the preclinical years.
Three recent books about the microscope remind us, however, ofsome ofthe reasons
behind the past iconic status ofthis symbol ofmodern scientific medical knowledge. The
Invisible Worldby CatherineWilson (Princeton University Press, 1995), The Fabric ofLife
by Marian Fournier (Johns Hopkins University Press, 1996), and The Microscope in the
Dutch Republic by Edward G. Ruestow (Cambridge University Press, 1996) are comple-
mentary works that trace the history of microscopy in different ways and along different
trajectories.
Wilson, a professor ofphilosophy at the University ofAlberta, has written a fascinat-
ing account ofthe role ofthe microscope in the philosophical debates ofthe 17th century
and its importance in advancing the cause of the "mechanical" view of the world.
Ruestow, a historian at the University ofColorado, describes, in a rather straight-forward
and conventional history, how the invention of the microscope gave new room for inves-
tigation ofnature and forthe interplay ofimagination, social conditions, cultural traditions
andpersonal sensibilities. Fournier, from the Museum Boerhaave in TheNetherlands, tells
a unified account of the goals and efforts ofthe principal microscopists ofthe 17th centu-
ry, and more than the otherauthors, focuses on thegrowth ofbiological thought made pos-
sible by the invention of the microscope.
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The three works under review here help us to better understand how the microscope
and its formost proponent, Antoni van Leeuwenhoek, each came to be modern scientific
icons. I will consider four related topics elaborated in these books, which I will examine
in turn: 1) What was going on in the 17th century? 2) Who was Leeuwenhoek? 3) What
did he and his contemporaties actually do? 4) What were (are) his legacies?
What was going on in the 17th century?
First consider the context of the 17th century in which Leeuwenhoek lived, the cen-
tury of "The Enlightenment." Leeuwenhoek's time was and was not the time of the so-
called scientific revolution: it was a time of new methods and new beginnings, but it was
also a time to re-examine old problems and old authors. The increased use ofprinting fos-
tered widespread learning and debate. One major theme was an emphasis on "seeing for
oneself' rather than deference to the old authorities. For example, while Vesalius added
little to Galen, he advanced the idea that everyone should look forhimself. Public anato-
my demonstrations and post-mortem examinations were examples of such new-found
interest in direct observation of nature. It was also the time of great collectors, such as
John Tradescant, who was satirized by Thomas Shedwell as "Sir Nicholas Gimcrack" for
his famous and bizzare collections in his own time and who is still the subject of noveliz-
ing in our own by one of my favorite contemporary novelists, Jeanette Winterson. The
Royal Society ofLondon for the Impovement ofNatural Knowledge ("the Royal Society"
for short) was founded in 1660, and its members referred to themselves as virtuosi, who
dabbled in curious observations ofthe natural world, liberally defined.
Another theme in the 17th century was the renewal of the debate between the disci-
ples ofAristotle and those of Democritus. Aristotle had appealed to direct experience to
attack the atomism of Democritus, which was based on theory and speculation. By the
17th century, some people were looking at the world and combining experience and spec-
ulation to support the atomism and the mechanism ofDemocritus. The new optical meth-
ods, including the telescope and the microscope, promised a way to look for one's self for
the invisible, underlying reality of the world as postulated by the atomists and corpuscu-
larians. For example, Robert Boyle was an ardent corpuscularian and supporter of the
"mechanistic hypothesis," and his studies on the compressibility ofair, among many other
investigations, were interpreted in terms of the infravisible structure of the world.
A third theme that is often overlooked because ofits later clarification in the 19th cen-
tury was the notion of animate contagion and its relation to small animals (animalcula),
sometimes called insects or worms, meaning, however, any really small living creatures.
With the philosophical support of corpuscularian ideas, many writers proposed explan-
tions for plagues, putrefactions, and other contagions, based on invisible animate corpus-
cules. Naturally enough, these explanations often intersected with the question of sponta-
neous generation and preformation of the individual that is, the problem of fertilization
and embryogenesis, to use modern termonology.
The 17th century was the time of Newton, Boyle, Descartes, Leibnitz and
Malebranche, philosophers grappling with new conceptions of the world and man's place
in it. The mechanistic philosophy viewed nature as composed of minute machines that
were invoked to explain the function of things.
The century opened with the invention of the so-called Dutch telescope, believed to
have been invented in the Netherlands and immediately exploited by Galileo in his stud-
ies of the moon and the planets. It was in 1610 that he published his Sidereus nuncius in
which he first applied the telescope to the heavens. It is also likely that it was in the
Netherlands that the microscope was invented. This invention is usually attributed to one
Cornelius Drebbel, because by 1620 several compound microscopes made by him were
exhibited in Paris and elsewhere in Europe. In the succeeding decades of the 17th centu-
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ry, the microscope became an interest of naturalists as well as an insturment for parlor
entertainment.
The 17th century, then, was a time of renewal of interest in the possiblity of the
unseen "substructure" ofreality. Scholars would use the new optics to gain experience as
Aristotle had taught, but they were interested in Democritus' idea that: "by convention
[there] are sweet and bitter, by convention [there] is color; in truth [there] are atoms and
the void" (Kirk and Raven, Persocratic Philospophers, p. 422; quoted in Wilson, p. 17.)
Who was Leeuwenhoek, anyway?
One of the most fascinating and thorough biographical studies ofa person ofscience
is Clifford Dobell's work on Leeuwenhoek. Dobell was aBritish parasitologist who devot-
ed enormous energy to the study ofLeeuwenhoek's work and his life, which he published
in 1932. It is to C.B. van Niel that we owe thanks for seeing to it that this work was
reprinted in 1958 and is still widely available. While there is now a small Leeuwnehoek
Industry in the scholarly world, Dobell's biography still stands as the best one-volume ref-
erence on this important figure. Its main deficiency, however, is its exclusive attention to
Leeuwenhoek's papers on animalcules to the neglect ofthe great bulk and diversity ofhis
studies in other areas. Reading only Dobell gives a very skewed impression of
Leeuwenhoek's work and contribution to 17th century learning.
To summarize briefly some well-known facts about Leeuwenhoek: He was born in
Delft into a middle class family. His father was a basket-maker who came from the East
End of Delft near the site of an old structure called the Leeuwenpoort (Liongate), pre-
sumably the origin of his surname (Leeuwenhoek: lion corner). Antoni was his first son
and fifth child and was born in 1632 (perhaps an auspicious year, seeing the birth of
Baruch Spinoza and Jan Vermeer in The Netherlands and John Locke and Christopher
Wren, in England). His father died when he was 5 years old and his mother re-married a
painter, Jacob Jansz. Molijn, who himself died when Antoni was 16 years old. Young
Antoni apparently had some schooling and was apprenticed to a wool-merchant in
Amsterdam. After finishing his apprenticeship, he returned to Delft where he set up busi-
ness as a draper (cloth merchant) and haberdasher along the main canal in Delft and con-
tinued to do business there for most ofhis life. In middle age, he was appointed to a town
administrative post as well as a land surveyor, all of which suggests that he was consid-
ered one ofthe solid citizens of Delft. An interesting side note is that at one point he was
the official receiver of the bankrupt estate of his fellow townsman, Jan Vermeer.
In 1673, at age 41, Leeuwenhoek sent his first letter to the Royal Society ofLondon
describing some of his microscopic observations. Thus began a voluminous correspon-
dence of contributions to the Royal Society, which lasted until his last communication in
1723, dictated to his physician on his deathbed and published posthumously.
What did Leeuwenhoek and his contemporaties actually do?
The application of the microscope to various scientific problems in the 17th century
was led by five individuals, each of whom brought a different approach to these studies.
All are well-know in the history of science, but none has achieved the cannonization of
Leeuwenhoek.
Robert Hooke is perhaps best known for his influential book, Micrographia, pub-
lished in 1660, prior to any known work by Leeuwenhoek. Hooke was employed by the
Royal Society (of which he was also a member) more or less as a laboratory demonstra-
tor. His job was to prepare interesting exhibitions and demonstrations at the biweekly
meetings of the Royal Society. He was especially talented and interested in instrumenta-
tion as well as having a remarkably inquisitive and curious mind, so he was ideally suit-
ed for his job and vice versa. At the direction of the membership of the Royal Society,
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Hooke undertook an investigation of what could be seen with the microscope and
Micrographia seems to be an almost random application ofthemicroscope to nature, from
animals to plants to crystals and minerals. However, as Fournier has pointed out, Hooke's
theme was not natureperse, but the role ofinstrumentation in the proper (Baconian) way
of doing science. In this aim, he was supporting the main goal of the Royal Society, that
is, trying to transform the funadamental methodology of natural philosophy. Hooke's
famous observations on cork, which show the structure we now attribute to the cellular
nature ofplants, was a major technical advance because it was the first time that thin sec-
tions were studied, thus permitting something more than a look at surface appearances.
Hooke's colleague, Nehemiah Grew, was a physician who was mostly interested in
plant anatomy. Grew applied the microscope to the study of plant stems and noted, for
example, the existence ofthe vascular system in plants. Grew's observations were of suf-
ficient interest to the Royal Society that they proposed funding his research and appoint-
ed him as Curator for the Anatomy of Plants. With this offer of funding, he then quit his
medical practice in the country-side, moved to London and set up his research with the
microscope owned by the Royal Society. In the end, however, his grant was not funded,
but he remained in London anyway, supporting himself by freelance lecturing on his
research findings.
The newly invented microscope was also central to the work of the famous Bologna
anatomist, Marcello Malpighi. Malpighi was interested in the "animal economy" (what
we now call physiology). In keeping with the new thinking ofthe 17th century, Malpighi
sought mechanical explanations for human physiological functions. He employed the
microscope to look atthe structures ofthe tissues whosefunction he wished to understand.
He was a confirmed mechanist, and one passage from his writings gives a vivid descrip-
tion of that philosophy:
"The machines of our body...are made up ofcords, filaments, beams, levers, tissues,
fluids coursing here and there, cisterns, canals, filters, sieves, and similar mechanisms.
Man, examining these parts by means of dissection, philosophy, and mechanics, has
learned their structure and use; and, proceeding a priore, he has succeeded in forming
models ofthem, by means of which he demonstrates the causes of these effects and gives
the reason for them apriori." (Fournier, pp. 60-61)
The fourth of the "big five of microscopy" was Jan Swammerdam, who lived and
worked in Amsterdam. He was educated as a physician, but apparently spent all his time
at his microcopical research, living off his family's largesse. Swammerdam had been a
student at Leiden and was well-connected to the Dutch scientific and medical elite.
Swammerdam's goal was just as imbued with philosophic overtones as that of his con-
temporaries, but his was a theological aim. He saw anatomy as a way to make visible, and
confirm, the glory of God. He was a consummate dissector and his favorite objects of
study were the insects with their most intricate structures. He was able, with the help of
the microscope to describe the metamorphosis of insects. His work on the mayfly
(Ephemera) is both a treatise on anatomy and development, as well as a lamentation on
the futility ofhuman life. Swammerdam was continually tormented by what he saw as the
competition between science and religion for his time and effort. Although a confirmed
experimentalist, Swammerdam was constitutionally a pessimist: he found the structure of
matter inscrutable: "eye, hand, reason, and instruments together are, because ofits minute-
ness, too impotent." (Fournier, p. 66).
At last we come toAntoni van Leeuwenhoek. A endlessly curious man, devoted to the
microscope in itself, yet also interested in what microscopic observations might mean,
Leeuwenhoek had the happy combination oftechnical persistence and inquisitveness that
allowed him to pour forth a stream ofamazing and novel observations over a 50-yearperi-
od. His first letter was submitted to the Royal Society in 1673 under the sponsorship of
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Regnier de Graaf, his townsman and a well-known anatomist, discoverer of the
eponymous Graaffian follicle. Leeuwenhoek's communication to the Royal Society
arrived at a time when microscopical studies were very much in vogue in London, and
Leeuwenhoek was much encouraged to keep up his work and to keep in touch with the
Royal Society. As was the custom of the Royal Society, the members often sent sugges-
tions for further research and Leeuwenhoek received much guidance both in his reseach
as well as his presentation through his correspondence with the Secretaries of the Royal
Society.
It is often claimed that Leeuwenhoek's stature and fame came about because he had
the best microscopes ofhis day. While this is partly supported by surviving specimens, it
is clear that the other microscopists had instruments that were technically equal to many
ofLeeuwenhoek's microscopes. Leeuwenhoek used almost exclusively the simple micro-
scope, consisting of one magnifying lens. His microscopes seem to have been of two
types: a round glass bead for a lens, and a blown bubble with a drop of glass at one side
that formed a convex lens when removed from the bubble. He mounted these little glass
pieces between two brass plates with tiny holes. The sample was mounted on a pin which
was adjustable in two axes by screws. The device was held close to the eye because ofthe
very short focal lengths of the sperical lenses, and illumination was provided by the sun-
light or a candle. Most of his microscopes had magnifications in the range of 75-150 X.
One unusual surviving Leeuwenhoek microscope has a power measured at 266 X. (van
Zuylen, in Palm and Snelders, p. 32).
His method of working, involving as it did, revisiting a problem many times, and
observing with many different microscopes, gave Leeuwenhoek a familiarity with his
experimental material which was crucial in the interpretation of his observations. As
everyone who has used a microscope knows, there is some skill required, even with a
modern instrument, to be able to make sense out ofwhat one sees. Beginning students are
confused by dirt on the lens, images oftheir own eyelashes, diffraction artifacts, etc. How
much harder it must have been with a simple lens microscope with a minimally prepared
sample and natural light sources. Leeuwenhoek, perhaps precisely because he was a
devoted, part-time, microscopist, had the opportunity to refine his instruments and to gain
enormous experience in microscopic studies. These laboratory craft skills (in currentjar-
gon) served to distinguished Leeuwenhoek from even his most illustrious contemporaries.
A briefsurvey ofthe subjects ofLeeuwenhoek's work gives a better idea ofwhat was
ofinterest to him and to his Royal Society correspondents. His major findings were in five
areas: first, he discovered animalcules in semen; second, along with Malpighi, he
observed capillaries in the blood circulation; third, he studied the anatomy of the woody
parts of plant stems; fourth, he noted the fibrous structure of muscle; and fifth was his
famous descriptions ofthe ubiquitous animalculae we call microbes. His research on each
of these topics was convoluted: he include several unrelated topics in one letter to the
Royal Society. He revisited a topic time and again over the period ofhis 50 years ofmicro-
scopic work, and he often revised his conclusions based on further observation.
Leeuwenhoek dominated the field of microscopic observation both in number of
papers and in diversity of observations. Far from just seeing animalculae, which is the
impression one gets from reading Dobell as well as standard microbiology texts,
Leeuwenhoek's work was much broader than is ususally appreciated.
What were (are) Leeuwenhoek's legacies?
First let us consider his immediate legacy in terms his own. In at least four of the
five areas of Leeuwenhoek's reseach that I have identified, significant issues in natural
philosophy were at stake: the finding of spematozoa in semen was central to 17th cen-
tury debates on spontaneous generation and animate contagion of disease. The prefor-
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mationist idea that the individual was complete in the egg and was "awakended" by an
immaterial male influence was in serious trouble with the discovery of spermatozoa in
semen and in the testis of almost all animals examined by Leeuwenhoek. The visualiza-
tion of the capillary circulation gave a material basis to William Harvey's theory of
blood circulation. The structures ofmuscles and ofplant stems, ofcourse, werejust what
the mechanists were looking for in their attempts to explain functions in terms of struc-
tures. The corpusculartheory, so widely discussed in the 17th century, provided the con-
genial framework for the very positive reception ofLeeuwenhoek's observations in these
areas.
Interestingly, however, the observation of the free-living animalcules was an orphan
observation. It certainly was an astounding and a curious finding, one that attracted great
scientific and popular appeal. For example, both Tsar Peter I of Russia and Queen Mary
III of England called on Leeuwenhoek in Delft to see these wonders for themselves. But
when one tries to fit these observations into the intellectual fabric ofthe 17th century, they
seem to be simply observations of nature rather than experimental evidence bearing on
pressing problems. While there were speculations about the role ofthe animalcules in dis-
ease and possibly fermentations, these speculations had nowhere to go at the time. The
biological nature of these animalcules was not a question that could be reasonably for-
mulated before the cell theory ofthe 19th century.
Leeuwenhoek's work is clearly seen in the context of the important 17th century
problems, but it is not for these contributions that we remember him. Instead, we focus on
his observations ofanimalculae, which in his own time were rather in the nature of sim-
ple curiosities. Linnaeus, in the 18th century, perhaps unwittingly passed judgement on
these observations when he classified the animalculae of Leeuwenhoek into class and
genus Chaos.
However, as Fournier especially makes clear, the standard textbook view that micro-
scopic observation died out in the 18th century only to be revived in the mid-19th centu-
ry requires substantial revision. The microscope was widely used in natural history, but its
application to illuminate "animal oeconomy" (physiology) in terms of structure was frus-
trated so that physiologists turned to more fruitful gross functional experimentation. With
technical improvements in optics as well as sample preparation, the microscope would, of
course, be very successfully applied to physiological problems in the 19thcentury. Toward
the end of the 18th century it was Otto Muller who rescued Leeuwenhoek's animalcules
from Linnaeus' catch-all classification, and well into the 19th century before Carl Gotfried
von Ehrenberg initated what we see as the modern era in microbiology with his great atlas
Die Infusoriatierchen (1838).
Epilogue:
History, if viewed as a repository for more than anecdote or chronology, could pro-
duce a decisive transformation in the image of science by which we are now possessed.
That image has previously been drawn, even by scientists themselves, mainly from the
study of finished scientific achievements as these are recorded in the classics and, more
recently, in the textbooks from which each new scientific generation learns to practice its
trade. Inevitably, however, the aim of such books is persuasive and pedagogic; a concept
ofscience drawn from them is no more likely to fit the enterprise that produced them than
an image of a national culture drawn from a tourist brochure or language text." (T. Kuhn,
The Structure ofScientific Revolutions, p. 1)
Perhaps the recent skirmishes in the so-called culture wars are evidence ofthe trans-
formations that Kuhn envisioned 35 years ago in this famous passage. As scholars such as
Wilson, Fournier and Ruestow, who examine science and its history, manage to get
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beyond the textbook anecdotes and simple chronologies, a necessarily more detailed and
vastly more complex picture of science emerges. These complexities and details often
stand out even more clearly because of their conceptual and temporal distance from our
own world. Such revisionist views are sometimes seen, especially by scientists, as being
anti-science or as undermining the status of science in contemporary life. This sort of
reaction is ironic, ofcourse, since science purports to be based on empircaljustifications,
grounded in observation and experiment, and it isjust this sort ofrecourse to evidence that
has allowed much ofthe recent, in depth, analysis of past episodes in science.
Textbooks ofmicrobiology, almost without exception for over a century, have devot-
ed significant space to the microscope and Leeuwenhoek. The story ofLeeuwenhoek told
in these texts, however, is clearly not a story ofhis role in his own time. Almost invariable
it is a story of the "premature discovery of microbes," of a man "ahead of his time" and
so on. What is the message?
It is an interesting question why we seem to have need for icons, celebratory events,
and what might be called "founder myths." Do these serve to define our identity? Do they
reassure us that we are part of a legitimate human activity? Do they reinforce the author-
ity that we require in order to have our work and ideas taken seriously? Do they depict
idealized heros for our students to emulate?
And finally, How are we using History? What obligations fall to those ofus who ven-
ture into the past in an attempt to understand our roots as well as our future?
PRACTICAL GUIDE TO THE CARE OF THE GERIATRIC PATIENT, 2ND
EDITION. By Fred Ferri, MarshaFretwell andTomWachtel. St. Louis, Missouri, Mosby,
1997. 653 pp. $29.95.
Part of Mosby's Practical Guides, this pocket-size, spiral bound manual focuses on
the care of the geriatric patient. According to the World Health Organization (WHO), an
elderly patient is between 65 and 75, whereas an "old" patient is between 76 and 90.
Anyone over the age of 90 is "very old." Beginning with these definitions, the manual
addresses the biology, epidemiology and demographics of aging. The next chapters
describe comprehensive geriatric assessment, health maintenance ofthe elderly, cognitive
dysfunctions, selected functional and organ system abnormalities, pharmacotherapy, long-
term care, rehabilitation, socioeconomic and legal issues, and alcohol abuse in the elder-
ly. The manual also provides two chapters on drug formulary and comparison tables on
popular drugs. The appendices contain clinical formulae and other useful scales and
assessment instruments (e.g., the Folstein Mini-Mental State Examination and the Katz
Index ofActivities of Daily Living).
For the most part the manual is written in outline style for quick access to informa-
tion. The presentation of issues is thorough and clear. Although each chapter in the man-
ual is further subdivided into sections written by contributing authors, there are only minor
deviations in styles so the compilation avoids being a hodge-podge of notes. A couple of
entries depart from the outline format into full prose text, but the departures seem war-
ranted and minor. The manual includes numerous tables and charts to help organize the
information into a readily understandable format. There are four color plates depicting
four different dermatological problems that the authors believe are important to recognize
in geriatric patients. The manual also provides standard questions to ask during evaluation
of various conditions such as hearing loss and prostate hypertrophy.
The care of the geriatric patient differs from the care of other adult patients and this
manual stands as testimony to that. Mosby's Practical Guide gives a briefoverview ofthe
comprehensive geriatric assessment, which the authors are quick to show allows for an